Abstract. This paper reviews the current knowledge of gas phase bromine photochemistry and presents a budget study of atmospheric bromine species. The effectiveness of the ozone catalytic loss cycles involving bromine is quantified by considering their chain length and effectiveness. The chain effectiveness is a new variable defined as the chain length multiplied by the rate of the cycle's rate-limiting step. The chain effectiveness enables a fair comparison of different catalytic cycles involving species which have very different concentrations. This analysis clearly shows that below 25 km the BrO/C10 and BrO/HO2 cycles are among the most important ozone destruction cycles.
Section 2 describes the photochemical model used in this study, which contains a detailed photochemistry scheme. Section 3 gives a budget study of atlllOspheric bromine species based on the current knowledge of gas phase bromine chemistry. Se, ction 4 considers the effectiveness of the various ozone-destroying catalytic bromine cycles. Section 5 summarizes the main conclusions.
Model Description
The column model used in this study is a version of [1992] and DeMote ½t al. [1994] .
The time integration scheme used is an adaptive timestep Burlisch-$toer scheme [$toer and Burlisch, 1980' specifically designed for integration of stiff systems after Press et al. [1992] . The time integration package is as accurate as the often used Gear [1971] package but faster. Photolysis rates are calculated by using full spherical geometry and multiple scattering as described by Lary and Pyle [1992a,b] after Meier et al. [1982] , Nicolet et al. [1982] and Anderson [1983] . The average photolysis rate over a model time step is calculated using 10 point gaussian quadrature as described by Press et al. [1992] .
AUTOCHEM has also been used to perform for the first time four-dimensional variational analysis of chemical species [Fisher and oeary, 1995] and to examine the effect of the reaction OH+C10• HCl+O9. on polar ozone photochemistry .
Gas Phase Bromine Chemistry
This section examines the budgets of reactive bromine species as predicted by our current understanding of the gas phase kinetics of bromine. 
This section considers the chain length and chain effectiveness of the various atmospheric bromine catalytic cycles as a function of altitude compared with other catalytic cycles which are of importance in the atmosphere. Because this paper focuses on the gas phase chemistry of atmospheric bromine, the situation chosen was noon for midlatitudes at the equinox.
As was seen earlier, all of the atmospheric bromine species are relatively short lived. Therefore, the termination steps of the gas phase bromine cycles which 
